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(54) ULTRASONIC WELDING METHOD OF A LARGE NUMBER OF LAMINATED METALLIC FOILS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide excellent welding without breaking a metallic foil by arranging a 
protective metallic sheet on an upper side on a horn abutting side of a large number of laminated 
metallic foils, and performing the ultrasonic welding. 

SOLUTION: Metallic foils which are works to be joined are laminated on a working surface of an anvil, 
and an ultrasonic oscillation horn to be moved parallel to the anvil is pressed thereon to weld the 
metallic foils to each other. A protective metallic sheet is arranged on an upper side of a large number 
of laminated metallic foils on the horn abutting side to perform the ultrasonic welding. Excellent welding 
can be obtained without breaking the metallic foils which are works to be joined irrespective of the 
magnitude of ruggedness of the abutting surfaces of the ultrasonic oscillation horn and the anvil even 
when a large number of metallic foils are laminated and welded. The protective metallic sheet is of the 
same material as that of a large number of laminated metallic foils to be welded, and the material is 
preferably annealed. In addition, the thickness of the protective metallic sheet is preferably 50-200 ;U m. 
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1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s) ] 

[Claim l]In ultrasonic welding method which places a metallic foil laminated several 
many sheets on a processed surface of Ambil, presses an ultrasonic horn which vibrates 
from on the in parallel to a processed surface of this Ambil, and welds metallic foils, 
An ultrasonic welding method of a metallic foil arranging and carrying out ultrasonic 
welding of the metal plate for protection to the upper face part [ of a metallic foil 
laminated several many sheets ], and phon contact side and which was laminated several 
many sheets. 

[Claim 2]An ultrasonic welding method of the metallic foil according to claim 1 being a 
metallic foil and same material which several many metal plates for said protection 
laminate, and weld and which was laminated several many sheets. 

[Claim 3]An ultrasonic welding method of the metallic foil according to claim 1 being 
the material which a metal plate for said protection annealed and which was laminated 
several many sheets. 

[Claim 4]An ultrasonic welding method of the metallic foil according to claim 1 
laminated several many sheets that thickness of a metal plate for said protection is 
characterized by not less than 50-micrometer being 200 micrometers or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ultrasonic welding of the metallic 
foil laminated several many sheets, and relates to several multi-sheet lamination 
welding of the metal foil collector used for a lithium cell etc. in more detail. 
[0002] 

[Description of the Prior Art] Conventionally, ultrasonic welding method has been widely 
used for welding of metallic foils. Generally, a connected object is made to approach 
the distance which is several angstroms which attraction commits mutually between the 
atoms of the surface of a connected object, it produces by taking arrangement with an 
orderly atom of the whole field, and making it contact, and welding has welding 
technique, such as (l) melting welding, (2) solid phase welding, and (3) soldering. 
Ultrasonic welding carries out melting only of the thin layer which it is classified 
into solid phase welding, and solid phase welding hardly fused a contact surface, or was 
restricted extremely, and is joined. 

[0003]As ultrasonic welding is shown in drawing 1 , the metallic foils 2 and 3 which are 
connected objects on the processed surface of Ambil 1 are piled up, the ultrasonic 
oscillation horn 4 which vibrates from on this in parallel to Ambil 1 is pressed and 
pressurized, and supersonic vibration is given to a connected object interface in this 
state. Oxides which exist in the surface are removed by the plastic deformation produced 
by supersonic vibration, and the above welding is made by promoting atomic diffusion by 
frictional heat further. 

[0004]Here, the contact surface of the ultrasonic oscillation horn 4 and the contact 
surface of Ambil 1 have the pyramid type unevenness which consists of a respectively 
fixed pitch. 

A connected object is gripped with this unevenness. 

However, if pyramid type unevenness is large, the piece and hole vacancy of a metallic 
foil will arise. Therefore, in the JP, 6-155051, A ****** gazette, while carrying out 
sandblast treatment of the contact surface of Ambil 1, the thing of making an ultrasonic 
oscillation horn contact the metal plate side with thick thickness is proposed. 
[0005] 

[Problem(s) to be Solved by the Invent ion] However, in what laminated several many 
metallic foils, even if it carries out sandblast treatment of the contact surface of 
Ambil, the joining interface of two or more sheets cannot be gripped, and supersonic 
vibration is not transmitted to the lower part of a layered product. Therefore, 
conversely, unevenness of an ultrasonic oscillation horn and the contact surface of 
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Ambil is large, and must be made deep, moreover — many — in order to weld several 
sheets, it is necessary to make an amount of energy increase However, when unevenness of 
the ultrasonic oscillation horn and the contact surface of Ambil was greatly made deep 
or the amount of energy was made to only increase, the metallic foil was destroyed, and 
there was a problem that suitable welding was not obtained. When the purpose of this 
invention carries out ultrasonic welding of the metallic foil laminated several many 
sheets, it does not have destruction of a metallic foil and obtains good welding. 
[0006] 

[Means for Solving the Problem] In order to solve an aforementioned problem, when welding 
a metallic foil laminated several many sheets with ultrasonic welding method, this 
invention arranges a metal plate for protection, and performs ultrasonic welding to the 
upper face part [ of a metallic foil laminated several many sheets ], and phon contact 
side. 
[0007] 

[Embodiment of the Invention] By arranging the metal plate for protection and performing 
ultrasonic welding to the upper face part [ of the metallic foil laminated several many 
sheets ], and phon contact side, Good welding can be obtained without destroying the 
metallic foil which is a connected object, when laminating several many metallic foils 
and welding them regardless of an ultrasonic oscillation horn and the size of unevenness 
of the contact surface of Ambil, and the depth. Under the present circumstances, as for 
the metal plate for protection, it is desirable that it is the metallic foil and same 
material which are laminated several many sheets and welded, and is the annealed 
material. This is because things and melting temperature with little way to the 
difference of the plastic deformation between a metal plate and a metallic foil which is 
same material do not differ from each other greatly. Supersonic vibration is easy to be 
transmitted easily to the lower part, and the way which used what was annealed is 
considered to be hard to lose addition energy. 

[0008]As for the thickness of the metal plate for protection, it is desirable that it is 
[ not less than 50 micrometer ] 200 micrometers or less. It is because supersonic 
vibration will become that it is hard to be transmitted to the metallic foil side 
laminated several many sheets if the role of protection cannot be played if it becomes 
thinner than 50 micrometers, and set to not less than 200 micrometers. The metal plate 
for protection is united with a metallic foil layered product after welding. 
[0009] 

[Example] Hereafter, the aluminium foil and copper foil which are the charge collectors 
for lithium ion batteries about the ultrasonic welding method of the metallic foil 
concerning this invention laminated several many sheets are used for an example, and are 
described using a concrete example and comparative example. 

(Examples 1-7 by this invention) 50 20-micrometer-thick aluminium foil (A1085H-H18) was 
laminated, the ultrasonic welder of every other sheet 20 kHz, and 3000W output was used 
for the upper surface, and the 100-micrometer-thick aluminum plate (A1050H-H1/4) was 

welded to it. Amplitude was 50 micrometers and welding pressure was [ 200 kgf/cm and 
the addition energy of the welding condition at this time ] 200J. Changing the 
construction material of a guard plate, hardness, and thickness, others performed 
ultrasonic welding of Examples 2-7 of this invention like Example 1 of this invention. 
It carried out, also when it was considered as the comparative example 1 and a guard 
plate was not used. The construction material, the hardness, the thickness, and the 
welding condition of the used guard plate are shown in Table 1. In this case, A1050H 
material was used for the aluminum material. All the frequency of the ultrasonic wave 
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oscillator was 20 kHz. 

[0010] 

[Table 1] 
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[0011]Next, the case where copper foil is used is explained. 

(Examples 8-14 by this invention) 50 30-micrometer-thick electrolytic copper foil was 
laminated, the ultrasonic welder of every other sheet 20 kHz, and 3000W output was used 
for the upper surface, and the 100-micrometer-thick copper plate (C1020-1/4H) was welded 

to it. Amplitude was 65 micrometers and welding pressure was [ 300 kgf/cm and the 
addition energy of the welding condition at this time ] 2000J. Changing the construction 
material of a guard plate, hardness, and thickness, others performed ultrasonic welding 
of Examples 9-14 of this invention like Example 8 of this invention. It carried out, 
also when a guard plate was not used as the comparative example 2. The construction 
material, the hardness, the thickness, and the welding condition of the used guard plate 
are shown in Table 2. In this case, C1020 material was used for the aluminum material. 
All the frequency of the ultrasonic wave oscillator was 20 kHz. 
[0012] 
[Table 2] 
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[0013] The jointing condition after ultrasonic welding was examined about the above 
thing. A result is shown in Tables 3 and 4. 
[0014] 
[Table 3] 
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[0015] 
[Table 4] 
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[0016]Although the welding result was made into 0, x, and ** and 0 and junction were 
carried out as for the thing satisfactory at all, even if what the crack etc. produced 
was insufficient for the metal plate for protection in ** and junction or it was joined 
to it, that for which the metallic foil was cracked was taken as x. Although the 
comparative examples 1 and 2 which do not have a guard plate in aluminium foil and 
electrolytic copper foil were carried out, the metallic foil upper surface was 
destroyed, and the crack etc. produced junction. Examples 2 and 9 by this invention 
using the nickel board which is a dissimilar material are joined, and destruction of the 
metallic foil was not seen, either. However, it may become output shortage, when energy 
loss is large, must add the energy beyond the minimum energy required for welding and 
increases lamination number of sheets further. Although Examples 3 and 10 of this 
invention using the guard plate of the hardness H18 (aluminum) and H (copper) type which 
have not carried out an annealing process were joined good and destruction of the 
metallic foil was not seen, either, Energy loss is large like the time of using the 
nickel board which is a dissimilar material, and the energy beyond the minimum energy 
required for welding is needed. The way of the annealed construction material has the 
large plastic deformation of a metal plate, supersonic vibration is easy to be 
transmitted easily to the lower part, and this is considered to be hard to lose addition 
energy. 

[0017] Although the thickness of the guard plate was obtained [ in general good junction 
results ] at 30 to 300 micrometers, when it became thinner than 50 micrometers, the 
piece of some guard plate was seen, but the metallic foil was not destroyed. When it 
becomes thicker than 200 micrometers, there is no destruction of a piece etc. , but it 
will be in the state of being hard to be joined if the addition amount of energy at the 
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time of junction is not enlarged. Therefore, it seems that 50 to about 200 micrometers 
is more preferred as for the thickness of a guard plate. Although the aluminium foil 
(A1085H-H18) and electrolytic copper foil which are generally used as an object for 
lithium cells were used for this example, about the contents of this invention of that 
from which the welding minimum requirement differs, the equivalent effect is checked [ 
materials / other ] about other presentation articles. 
[0018] 

[Effect of the Invention]As mentioned above, when carrying out ultrasonic welding of the 
metallic foil of several multi-sheet lamination according to this invention, there is no 
destruction of a piece, a hole vacancy, etc. in a metallic foil, and good welding can be 
obtained. Therefore, in the lithium cell which uses metallic foils, such as aluminium 
foil and copper foil, for a charge collector, several multi-sheet lamination welding of 
a charge collector is attained, and a high capacity cell can be obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view of the device used for the ultrasonic welding 
method of a metallic foil. 
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DRAWINGS 

[Drawing 11 
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